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(54) HIGH FREQUENCY SIGNAL VARIABLE DELAY CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To achieve a simulation of all propagation 
elements of amplitude, phase and delay time by accurately delaying a high 
frequency in the order of jas to allow the application of a pseudo phasing or 
the like outputted from a high frequency phasing simulator or the like. 
SOLUTION: An analog signal is converted to a light signal by an E/O 
conversion circuit 2 while either internal optical paths 8a-8c or first - third 
optical cables 4-4c are selected by first to third light switch circuits 3a-3c 
to change the length of optical cables. Thus, the light signal to be 
outputted from the E/O conversion circuit 2 is guided to a O/E conversion 
circuit 5 and the light signal is converted to an analog signal by the O/E 
conversion circuit 5. 
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* NOTICES * 

« 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The RF signal adjustable delay circuit characterized by to have one or more optical switch circuits with which 
the time delay of the lightwave signal by which changes the connection relation of two or more optical cables to the E/O 
conversion circuit which incorporates the electrical signal used as the candidate for delay, and is changed into a 
lightwave signal, and changes the propagation path length of a lightwave signal, and outgoing radiation is carried out 
from an E/O conversion circuit adjusts, and the O/E conversion circuit which incorporate the lightwave signal delayed 
in each of these optical switch circuits, and change and output to an electrical signal. 

[Claim 2] The high frequency signal adjustable delay circuit characterized by replacing with said each optical switch 
circuit, using one or more optical distributors in a high frequency signal adjustable delay circuit according to claim 1 , 
choosing either of two or more optical cables which constitute a multi-pass path with each of these optical distributors, 
and adjusting the time delay of the lightwave signal by which outgoing radiation is carried out from an E/O conversion 
circuit. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the RF signal adjustable delay circuit which only the time delay which 

had the inputted RF signal specified is delayed, and is outputted. 

[0002] 

[Description of the Prior Art] By only predetermined time's delaying the RF signal outputted from the sending circuit of 
a radar installation, and making it input into the receiving circuit of a radar installation, the propagation delay generated 
when the RF signal outputted from a sending circuit spreads space is realized, and the check of a sending circuit of 
operation, the check of a receiving circuit of operation, etc. are performed with the equipment which performs operation 
tests, such as a radar installation, simulation, etc., for example, propagation simulator equipment. 
[0003] 

[Problem(s) to be Solved by the Invention] However, since he was trying to delay the high frequency signal inputted 
using a high frequency cable, the strip line, or a filter circuit with such propagation simulator equipment, when the time 
delay of the analog signal (high frequency signal) used as the candidate for delay was short (for example, order of ns), 
the high frequency signal could be efficiently delayed by it, but when a time delay was long (microsecond of order), 
there was a problem that an insertion loss was set to hundreds of dB. For this reason, with such propagation simulator 
equipment, when a long time delay was required, the low noise amplifier was inserted all over the transmission line of a 
RF signal, and it must be made to have to raise S/N of a RF signal, and only that part had the problem that the design of 
a circuit and adjustment will become difficult. Moreover, when the high frequency signal was delayed using the high 
frequency cable etc. and surrounding temperature changed, track length changed according to this, the time delay 
changed, and there was a problem that an error will arise. It is difficult to solve these problems fundamentally, and since 
a RF signal cannot be correctly delayed by the order of mus, when it is required to delay a RF signal by the order of 
such mus, the travelling period delay system which carries out adjustable delay only by the digital system, without using 
a RF system is used, and this travelling period delay system is performing the operation test of a radar installation etc. 
[0004] However, since it was impossible to have impressed false phasing outputted from high frequency phasing 
simulator equipment etc. in such a travelling period delay system etc., there was a problem that the propagation trial 
examination which the electric wave transmitted from a radar installation etc. spreads actual space, and carries out 
simulation of the property when reflecting could not be performed. It aims at offering the high frequency signal 
adjustable delay circuit which this invention can delay a high frequency signal by the order of mus correctly, can enable 
impression of false phasing outputted by this from high frequency phasing simulator equipment etc. in view of the 
above-mentioned situation, and can carry out simulation of the amplitude, a phase, and all the propagation elements of a 
time delay. 
[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the RF signal adjustable delay circuit 
by this invention The E/O conversion circuit which incorporates the electrical signal used as the candidate for delay in 
claim 1, and is changed into a lightwave signal, One or more optical switch circuits which adjust the time delay of the 
lightwave signal by which changes the connection relation of two or more optical cables, and changes the propagation 
path length of a lightwave signal, and outgoing radiation is carried out from an E/O conversion circuit, It is 
characterized by having incorporated the lightwave signal delayed in each of these optical switch circuits, and having 
the O/E conversion circuit changed and outputted to an electrical signal. In claim 2, it is characterized by replacing with 
said each optical switch circuit, using one or more optical distributors, choosing either of two or more optical cables 
which constitute a multi-pass path with each of these optical distributors, and adjusting the time delay of the lightwave 
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signal by which outgoing radiation is carried out from an E/O conversion circuit in the high frequency signal adjustable 

delay circuit according to claim 1 . 

[0006] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail based on the example of a gestalt shown 
in the drawing. Drawin g 1 is the block diagram showing the example of 1 gestalt of the high frequency signal adjustable 
delay circuit by this invention. The 1st which is made to spread the RF signal adjustable delay circuit 1 shown in this 
drawing, delaying the lightwave signal by which incidence was carried out to input one end, and carries out outgoing 
radiation from an outgoing end side - the 3rd optical cable 4a-4c, The E/O conversion circuit 2 which changes the 
inputted analog signal (electrical signal) of a RF into a lightwave signal, After leading the lightwave signal which 
controls input-side switching device 6a and output side switching device 7a based on the inputted ON / off signal, and is 
outputted from the E/O conversion circuit 2 to either internal optical-path 8a or 1 st optical cable 4a and making it 
delayed, It is based on the ON / off signal inputted as 1st optical switch circuit 3a which carries out outgoing radiation. 
Input-side switching device 6b, 2nd optical switch circuit 4b which carries out outgoing radiation after leading the 
lightwave signal which controls output side switching device 7b, and is outputted from 1st optical switch circuit 3a to 
either internal optical-path 8b or 2nd optical cable 4b and making it delayed, After leading the lightwave signal which 
controls input-side switching device 6c and output side switching device 7c based on the inputted ON / off signal, and is 
outputted from 2nd optical switch circuit 3b to either internal optical-path 8c or 3rd optical cable 4c and making it 
delayed, It has 3rd optical switch circuit 3c which carries out outgoing radiation, and the O/E conversion circuit 5 which 
changes into the analog signal (electrical signal) of a RF the lightwave signal by which outgoing radiation is carried out 
from this 3rd optical switch circuit 3c. 

[0007] An ON signal or an off signal is impressed to the 1st - the 3rd optical switch circuits 3a-3c, and the internal 
optical paths 8a-8c, or the 1st - the 3rd optical cable 4a-4c make the input-side switching devices 6a-6c of these [ 1st ] - 
the 3rd optical switch circuits 3a-3c, and the output side switching devices 7a-7c choose either by the above-mentioned 
configuration in this high frequency signal adjustable delay circuit 1 . If ON / off signal is impressed to these [ 1st ] - the 
3rd optical switch circuits 3a-3c at this time so that the internal optical paths 8a-8c may be chosen To drawing 2 The 
lightwave signal outputted from the E/O conversion circuit 2 so that it may be shown Internal optical-path 8b-> 2nd 
light Swi of input-side switching device 6b-> 2nd optical switch circuit 3 of output side switching device 7a-> 2nd 
optical switch circuit 3b of internal optical-path 8a-> 1st optical switch circuit 3of input-side switching device 6a-> 1st 
optical switch circuit 3a a b of E/O conversion circuit 2 -> 1st optical switch circuit 3a Internal optical-path 8c-> 3rd 
optical switch circuit 3of input-side switching device 6c-> 3rd optical switch circuit 3c c of output side switching device 
7b-> 3rd optical switch circuit 3c of TCHI circuit 3b output side switching device 7 c->0/E conversion circuit 5 in the 
becoming path It is led to the O/E conversion circuit 5, and is changed into the analog signal of a RF. The analog signal 
inputted into the E/O conversion circuit 2 is delayed by the minimum time delay, and is outputted from the O/E 
conversion circuit 5 by this. 

[0008] Moreover, if ON / off signal is impressed to these [ 1st ] - the 3rd optical switch circuits 3a-3c at this time so that 
the 1 st - the 3rd optical cable 4a-4c may be chosen To drawing 3 The lightwave signal outputted from the E/O 
conversion circuit 2 so that it may be shown the input-side optical switch of E/O conversion circuit 2 -> 1 st optical 
switch circuit 3a — the input-side optical switch of output side switching device 7a-> 2nd optical switch circuit 3b of 
component 6a-> 1st optical cable 4a-> 1st optical switch circuit 3a ~ the appearance of component 6b-> 2nd optical 
cable 4b-> 2nd optical switch circuit 3b - the input-side optical switch of force side optical switch component 7b-> 3rd 
optical switch circuit 3c - the output side optical switch component 7 c->0/E conversion circuit 5 of component 6c-> 
3rd optical cable 4c-> 3rd optical switch circuit 3c - in a path, it is led to the O/E conversion circuit 5, and is changed 
into the analog signal of a RF. The analog signal inputted into the E/O conversion circuit 2 is delayed by the greatest 
time delay, and is outputted from the O/E conversion circuit 5 by this. 

[0009] In order to investigate the time delay property of the RF signal adjustable delay circuit 1 shown in drawing 1 , 
the RF signal adjustable delay circuit 1 was actually manufactured, and when the delay characteristics of this RF signal 
adjustable delay circuit 1 were compared with the delay characteristics of the conventional RF signal adjustable delay 
circuit which used the coaxial cable, the delay characteristics shown in the table of drawin g 4 were able to be obtained. 
As shown in this table, in the conventional RF signal adjustable delay circuit which used the coaxial cable of "RG-8U" 
specification with which the outer diameter was formed in 10mm In case a 3 GHz RF signal is delayed, a RF signal can 
be made to spread at about 70% of rate of the velocity of light. Compared with the insertion loss per km being set to 
590dB at this time, used the optical cable of the single mode mold with which the outer diameter was formed in 2.5mm. 
In the RF signal adjustable delay circuit 1 of this example of a gestalt, a RF signal can be made to be able to spread at 
about 70% of rate of the velocity of light, and the insertion loss per km can be suppressed to IdB at this time. 
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[001 0] Moreover, although the die length of a coaxial cable changed according to the temperature change and the time 
delay changed in the conventional high frequency signal adjustable delay circuit which used the coaxial cable when 
surrounding temperature was changed and change of a time delay was measured, in the high frequency signal adjustable 
delay circuit 1 of this example of a gestalt which used the optical cable, the die length of an optical cable did not change 
and a time delay hardly changed. Thus, in this example of a gestalt, while changing an analog signal into a lightwave 
signal by the E/O conversion circuit 2 By the 1st - the 3rd optical switch circuits 3a-3c, make either the internal optical 
paths 8a-8c, or the 1st - the 3rd optical cable 4a-4c choose, and optical cable length is changed. Since the lightwave 
signal outputted from the E/O conversion circuit 2 is led to the O/E conversion circuit 5 and he is trying to change said 
lightwave signal into an analog signal by this O/E conversion circuit 5 The analog signal of high frequency can be 
correctly delayed by the order of mus, impression of false phasing outputted by this from high frequency phasing 
simulator equipment etc. can be enabled, and simulation of the amplitude, a phase, and all the propagation elements of a 
time delay can be carried out. 

[001 1] under the present circumstances, in such the 1st - the 3rd optical cable 4a-4c The time delay per unit length 
becomes the almost same value as the coaxial cable of the same die length. Since it becomes so small that the magnitude 
of attenuation does not become such a coaxial cable and a comparison, while being able to make small the magnitude of 
attenuation of the analog signal outputted from the O/E conversion circuit 5, without using a low noise amplifier etc. 
Since the property of the 1 st - the 3rd optical cable 4a-4c hardly changes even if surrounding temperature changes, a 
time delay property can be stabilized. Moreover, although an extremely big tooth space is needed in a coaxial cable 
when it is used having rolled the coaxial cable since the path of a cable must be made thick in case loss is made small, 
since loss becomes large so that the path of a cable is made thin When a big time delay is needed, even if it uses it, 
rolling the 1st - the 3rd optical cable 4a-4c, the arrangement tooth space of a cable can be prevented from becoming 
large in the 1st - the 3rd optical cable 4a-4c, since the cable itself is very thin. 

[0012] Moreover, although he is trying to change a lightwave signal into the analog signal of a RF by the O/E 
conversion circuit 5 while changing the analog signal of a RF into a lightwave signal by the E/O conversion circuit 2, 
you change not only an analog signal such but a digital signal into a lightwave signal, and may make it make it delayed 
in the example of a gestalt mentioned above. Moreover, although the 1st - the 3rd optical cable 4a-4c are alternatively 
connected by the 1st - the 3rd optical switch circuits 3a-3c and he is trying to change optical cable length in the example 
of a gestalt mentioned above You may make it change a time delay by replacing with such the 1st - the 3rd optical 
switch circuits 3a-3c, as shown in drawing 5 , using two or more optical distributors 10, and choosing either of each 
optical cable 12 which serves as the multi-pass path 1 1 with each of these optical distributors 10. Thus, like the RF 
signal adjustable delay circuit 1 mentioned above, a RF signal can be correctly delayed by the order of mus, impression 
of false phasing outputted by this from RF phasing simulator equipment etc. can be enabled, and the constituted RF 
signal adjustable delay circuit 9 can also carry out simulation of the amplitude, a phase, and all the propagation elements 
of a time delay. 
[0013] 

[Effect of the Invention] As explained above, according to this invention, a high frequency signal can be correctly 
delayed by the order of mus, impression of false phasing outputted by this from high frequency phasing simulator 
equipment etc. can be enabled, and simulation of the amplitude, a phase, and all the propagation elements of a time 
delay can be carried out. 
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[Drawing 1] 
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[Drawing 2] 
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[Drawi ng 3] 
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